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The field of coordination polymers underwent a rapid expansion in the past decade after 
the accidental discovery of first man-made coordination polymer Prussian blue. 
Coordination polymers consist of metal ions linked by organic/inorganic bridging ligands 
to form one-, two- or three-dimensional structures. Several weaker non-covalent 
interactions like van der Waals forces, π-π stacking, hydrogen bonding etc. sometimes 
play crucial roles for the packing of the one-dimensional chains, two-dimensional nets 
and three-dimensional frameworks. Prediction of such outcome on the basis of the 
reactants present in the reaction mixture constitutes a major challenge for the chemists 
working in this area. Thus based on serendipitous methodology, a vast range of 
coordination polymers with different dimensionalities have been discovered in recent 
years with interesting structural topologies and properties. It has been well documented in 
the literature that change in several parameters like temperature, pH of the reaction 
medium, solvent, have profound role in changing the structural topology of coordination 
polymers. Again, proper tuning of the ligand design and appropriate choice of the metal 
center are of vital importance for the design of such polynuclear coordination assemblies. 
These polynuclear coordination assemblies offer vast applications in several areas like 
magnetism, catalysis, luminescence, separations and gas storage. However 20th century 
has witnessed considerable increasing interest in the field of coordination polymers 
particularly in the field of molecule-based magnetic materials. Magnetic materials can be 
constructed by incorporating magnetic moment carriers such as paramagnetic metal ions 
(V, Cr, Mn, Fe, Co, Ni, Cu) in presence of bridging ligands. These metals can exist in 
different oxidation states, allowing variation of the two important parameters: spin 
quantum number and magnetic anisotropy. The nature of the bridging ligand is also a key 
to the properties of the material in the solid state, since it dictates the sign and magnitude 
of the magnetic exchange between the paramagnetic metal ions.  
Generally, one-atom oxo/hydroxo and two-atom cyanide bridges were of popular choices 
due to their short distance for transmitting strong magnetic coupling between the 
paramagnetic metal centers. However three-atom carboxylate pathway has been proved 
to be a well-fitted moiety for this purpose since it offers a variety of magnetic interactions 
depending on its versatile bridging modes. In this context, three-atom bridging ligand 
azide (N3-) is used frequently for the synthesis of polynuclear magnetic materials because 
of its versatile bridging nature and diversity to show different magnetic behaviors. The 
most common binding modes are end-to-end (EE, μ1,3) and end-on (EO, μ1,1). The nature 
of binding modes of azide plays crucial role in determining the magnetic property of the 
coordination polymers. Not only azide ligand acts as a super exchange mediator for 
transmitting magnetic coupling between the paramagnetic centers, but also sometimes it 
helps to extend the dimensionality of a system which is again important for bulk 
magnetism in coordination polymers. 
It is evident that it remains in general impossible to predict the structures of even 
the simplest crystalline solids from the knowledge of their chemical compositions. The 
molecular structures and their properties largely depend on the reaction condition, 
solvents, temperature, nature of the reactants etc. Therefore, the investigations and 
understanding of the relationships between the structure of the complexes and the nature 
of ligands as well as other factors like temperature, solvent, reaction condition etc. have 
become major challenges that raise the motivation to explore further the field of 
coordination polymers. 
The work presented in the thesis consists of five chapters which includes syntheses of 
polynuclear coordination assemblies using paramagnetic metal ions (Cu2+, Co2+, Ni2+, 
Mn2+, Cr3+) and bridging ligands like carboxylates (COO-) and azide (N3-). The reported 
complexes are characterized by elemental analysis, IR spectroscopy, powder XRD, X-ray 
single crystal structure determination and variable temperature magnetic measurements. 
To gain further insight into the magnetic coupling mechanism between the paramagnetic 
metal centers through bridging ligands, Density Functional Theory (DFT) calculations 
have also been performed.  
In chapter 1 of the thesis, an overview of the coordination polymers is presented along 
with their recent progress using variety of ligands with the several factors that play 
crucial role in controlling the structures and properties. This chapter also covers a brief 
review of the applications of coordination polymers in various fields especially in the 
field of molecular-magnetism.  
Chapter 2 illustrates the syntheses of a series of polynuclear metal assemblies in 
presence of both carboxylates and azide. X-ray crystal structure analysis revealed the 
formation of two 3D mixed carboxylate/azide bridged coordination polymers of general 
formula [Co1.5(nic)2(Hnic)(N3)]n (1), [Co1.5(tpa)2(N3)(H2O)]n (2) and one 2D sheet 
[Mn(tpa)2]n (3). Complexes 1 and 2 consist of mixed end-on azido and syn-syn/syn-anti 
carboxylate bridging modes while complex 3 contains only syn-anti bridging 
carboxylates. Two new complexes, [Co2(pyzc)2(N3)2(H2O)2]n (4) and 
[MnNa(pyzc)(N3)2(H2O)2]n (5) with pyrazine-2-carboxylate/azide along with 
[Mn2(paba)2(N3)2(H2O)2]n (6) containing p-aminobenzoate/azide have also been 
successfully synthesized. The low temperature magnetic behavior showed the pseudo-
ferrimagnetic behavior in complexes 1 and 2 while complex 3 is antiferromagnetic in 
nature. Complex 4 showed interesting spin-canted behavior with the presence of field 
dependent magnetization. Complexes 5 and 6 revealed ferromagnetic and 
antiferromagnetic behavior, respectively. Theoretical calculations have also been carried 
out to analyze the experimental results. 
Chapter 3 presents the syntheses of a family of formate-bridged polynuclear assemblies 
in presence of formamide. Though formate [analogous to three-atom bridging ligand 
azide] has been widely used for the preparation of several polymeric materials with 
interesting magnetic properties, its amide derivative formamide has not been explored 
much as a bridging ligand. On the other hand, single-crystal to single-crystal 
transformation of guest containing frameworks to guest free analogues has received 
considerable attention in crystal engineering which allows to explore the role of 
temperature in changing the structural topologies. Hence the investigation of the present 
study concerns about the synthesis and characterization of formate-formamide bridged 
hybrid 3D coordination polymer [{Co(HCOO)2(HCONH2)2}⋅(HCONH2)]n (1a) 
containing formamide guest and its reversible single-crystal to single-crystal 
transformation to its guest free analogue [Co(HCOO)2(HCONH2)2]n  (1b) with the 
retention of the network topology. 1b absorbs formamide at ambient temperature to 
transform to 1a with the retention of single crystalline nature (Figure 1). 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic presentation of single-crystal to single-crystal transformation of 
complexes 1a-b. 
 
Upon increasing the reaction temperature from 100°C to 150°C, a decrease in 
dimensionality of the structure was observed from 3-dimensional  heterometallic 
[Na{Cr(HCOO)4(HCONH2)2}·2H2O]n (2a) to a zero-dimensional homometallic complex 
[Cr(HCOO)3(HCONH2)3]·3H2O (2b). Complex 2a represents the first example of a 
Cr(III) based polymer containing formamide bridging ligand. Both 1a and 1b showed 
interesting spin-canting behavior with spontaneous magnetization at low temperature. 
However, in presence of Ni(II) ion a 2D Ni(II) sheet [Ni(HCOO)2(MeOH)2]n (3) was 
obtained having no formamide. This 2D sheet was further extended to a 3D analogue 
[Ni(HCOO)2(4,4'-bpy)]n (4) by incorporating bridging 4,4'-bpy linker with the formation 
of a 3D pillared layer structure with spin-canted magnetic behavior. 
Chapter 4 contains two parts. Part A reports synthesis, crystal structures and magnetic 
behavior of three coordination polymers. The exclusive formation of a 3D metal-azido 
architecture (1) with the incorporation of 5-pyrimidylcarboxylate (5-pmc) as linker along 
with low temperature magnetic behavior of 1 has been presented. Complex 1 represents 
the first example of a coordination polymer containing bridging 5-pmc. Though 5-pmc 
contains several binding sites, it gave a mononuclear complex upon treatment with 
MnCl2. However in presence of azide, a 3D complicated network formed which revealed 
the dual role played by azide ligand where azide acts as a bridging ligand and at the same 
time it helped 5-pmc ligand to act as a bridging ligand (Scheme 1). 
 
 
 
 
 
 
 
 
 
 
Scheme 1. The formation of a 3D polymer in presence of azide/ 5-pmc linker and 
mononuclear complex in absence of azide. 
On the other hand, multiferroic materials are those where both ferroelectricity and 
ferromagnetism coexist in the same phase. As a result, they have a spontaneous 
magnetization that can be switched by applying magnetic field, and a spontaneous 
polarization that can be tuned by electric field. The quest for multiferroic materials is of 
great technological and fundamental importance because they are very scarce in nature 
and the knowledge about these materials is limited by only a very few examples that have 
been synthesized in the laboratory. In general the transition metal d-electrons which are 
essential for magnetism reduce the tendency for off-center ferroelectric distortion. This 
chapter reports the synthesis, crystal structures and variable temperature magnetic 
characterizations of two novel 5-(pyrimidyl)tetrazole (pmtz) based coordination polymers 
[Co(pmtz)(μ1,3-N3)(H2O)]n (2) and [Mn(pmtz)(μ1,3-N3)(H2O)]n (3) using pmtz in 
combination with a secondary bridging azide ligand. Though a few examples of tetrazole 
based ferroelectric materials are reported recently, complex 2 represents the first example 
of tetrazole coordinated multiferroic system which shows ferroelectricity as well as 
magnetic hysteresis down to 100K. Complex 3 showed dominant antiferromagnetic 
behavior with unusual ferromagnetic transition in the low temperature region due to spin 
canting. 
Part B of chapter 4 describes the synthesis and characterization of three coordination 
polymers in presence of N-donor neutral ligands in combination with azide.  Treatment of 
Co(II) nitrate with azide in the presence of hydrazine under hydrothermal condition 
yielded a three-component metal-inorganic extended 3D weak magnet 
[Co3(N2H4)2(N3)6]n (1) with spin canting behavior. Though only a few hydrazine based 
polymers are known in the literature, complex 1 represents the first example of a 3D 
coordination polymer containing hydrazine as a bridging ligand. Moreover, hydrazine 
maintains a reducing environment for the prevention of oxidation of paramagnetic Co(II) 
to diamagnetic Co(III). An intrepid attempt of using excess amounts of the azide ligand 
with copper and pyrazine-2-carboxylate (pyzc) in solvothermal synthesis was made and 
isolated a new copper complex [Cu3(pyz)2(N3)6]n (2) containing pyrazine, which was 
resulted from the decarboxylation of pyzc ligand. However, attempts to synthesize the 
same complex using only pyrazine (pyz) instead of pyzc as a starting material were not 
successful in either room temperature or hydrothermal conditions. But we were able to 
isolate an isostructural copper complex with pyridine (py) again under solvothermal 
conditions, [Cu3(py)2(N3)6]n (3). Variable temperature magnetic behavior revealed strong 
ferromagnetic interaction in both the complexes 2 and 3. The experimental results were 
analyzed with theoretical model equations as well as Density Functional Theory (DFT) 
calculations. 
In chapter 5 a series of polynuclear metal-carboxylates assemblies has been presented. 
There exist only a few limited references on two different carboxylates present in a same 
structure because of the competition in the self-assembly process with the metal ion. 
Coordination polymers of Ni(II) (1) and Co(II) (2) ions were synthesized incorporating 
tricarboxylates N-(4-carboxyphenyl)iminodiacetate and N-(3-
carboxyphenyl)iminodiacetate, respectively. From the structural point of view, both the 
complexes are 3D coordination polymers with complex bridging modes of the 
tricarboxylates having one-dimensional channel containing water molecules. Magnetic 
analyses revealed the presence of weak ferromagnetic interaction in complex 1, while 
complex 2 is antiferromagnetic in nature. Incorporating two different carboxylates like 
malonate and isonicotinate in same structure, it was possible to isolate the third complex 
(3) with Mn(II) metal ion. Under hydrothermal condition, in situ formation of 
pyrimidine-2-carboxylate from 2-pyrimidinecarbonitrile resulted the isolation of a 2D 
Co(II)  coordination polymer (4) in presence of oxalate. For all the complexes variable 
temperature (2-300 K) magnetic behavior has been monitored followed by theoretical 
interpretation.   
 
